Abstract
is not yet solved, namely, how to make cities more sustainable (Rees and Wackernagel 1996; 27 Bulkeley 2010).
28
However, transforming existing urban centres into sustainable units is still difficult, e.g. due 29 to conflicting interests of its residents and political groups. Any applied sector-specific action 30 can create trade-offs or co-benefits in other sectors. Therefore, cities' development options need 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t approach for the analysis of trade-offs and co-benefits of urban-hinterland systems. Specifically,
48
the advantages and disadvantages of local food production for the nourishment of urban dwellers.
49
This idea recently became a prominent topic in urban sustainability research (Brinkley 2012; 
56
In this paper, we describe the nourishment potential of peri-urban agriculture addressing 57 several dimensions by employing an advanced global model. Furthermore, we investigate food 58 transport today and in the future, and show how optimizations would reduce the environmental
59
"food-print" of urban areas. Particularly, we analyse the environmental gross effects of urban 60 food production in a twofold way. First, we examine how much local food production may 61 nourish urban dwellers today, assuming i) urban growth scenarios, ii) dietary pattern changes,
62
and iii) an accelerated climate change. Second, we calculate how much carbon emissions can be 63 saved by regional urban food production and optimized food transport into urban centres.
2 Materials and Methods

65
Our work builds on a comprehensive database of urban-peri-urban regions -the area covered by 66 the urban built-up area and its surrounding urban-rural transition zone. flow-chart in figure 1 and the single steps are described in more detail in the following sections. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t Figure 1 : Presentation of the analytical flow (right) and a result obtained for the city clustering process for the region of Berlin/Germany (left). The city clustering algorithm understands urban areas as functional units, i.e. the Berlin cluster comprises urban areas lying within a predefined cluster distance although they are different administrative entities, like Teltow or Potsdam. The peri-urban area consists mostly of agricultural area. Water bodies, other urban areas beyond the cluster distances and the corresponding peri-urban areas are clearly separated (as e.g. Ludwigsfelde or Oranienburg).
Defining Cities and Peri-Urban Regions.
76
Urban areas are defined by connected built-up urban areas derived from land-cover information. 
with ρ i as population density of urban cluster i. 
Estimating Emission Savings
126
In order to estimate CO 2 emissions from urban food transport a two-step approach was applied.
127
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The Potential of Peri-Urban Agriculture
143
To quantitatively estimate local food production the non-overlapping potential of peri-urban Analyzing the PU areas in detail, they are composed of 63% farmland, 31% natural areas and 153 6% of non-arable areas. For the purpose of the paper, the area for PU agriculture is estimated 154 on the minimum of arable land needed per capita to ensure food self-sufficiency (cf. Sect. 2.1). an optimized and local production may solve nourishment problems for many cities. As cities 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t coast of South-America have a limited potential due to its desert environment. The remaining growth would change the potential for peri-urban agriculture is displayed as a composite effect 179 in Fig. 2 Africa, where the optimal situation will be shrinking considerably. because of food production via low-intensity farming methods and shipping it around the globe 215 is always better than producing food locally using high-intensity agriculture (Avetisyan et al. in food transport is somewhat uncertain, the foodshed approach allows us to estimate the mit-219 igation potential in the food transport sector assuming that local food production could be a 220 sustainability strategy for cities (Fig. 4, left bottom panel) . Moreover, in this study we ap- 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t although the latter is increasing over-proportional due to the transport of more luxury food.
In this paper, we also assume an optimized transport scenario which applies the shortest 224 distances from food production sites into the urban foodsheds. On the basis of the applied 225 approach, our findings estimate a global emission of around 0.15 Gt CO 2 /yr for a distance 226 optimized food transport scenario. Taking into account that the total emissions from agricul-227 ture (including production, storage, packaging) amounts up to 19-29% of total emissions and 228 that additional 5-10% accounts for transport and other postprocessing activities on food (e.g. Although an approximative saving of roughly 1 Gt CO 2eq. seems to be small one can argue that Nevertheless, the disadvantages of the study should also not be neglected. In many regions, 251 a sufficient freshwater supply is an essential factor for peri-urban agriculture. Actually, we use 252 only already existing agricultural areas in our analysis and consequently, the water demand for 253 agricultural purposes will not alter the current water balance in the peri-urban region. However, 254 due to the ongoing urbanization, the urban water demand will further increase, i.e. putting 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 A c c e p t e d M a n u s c r i p t should always be the first intervention.
285
Third, our study shows that further urbanization puts the by far largest pressure on future 2017). If all agricultural land in the vicinity of urban centers is lost due to land conversion, even 291 more food will need to be transported into these cities from distant agricultural areas.
292
Fourth, changing dietary habits are important for future food demand, particularly in de-
293
veloping regions, such as in Northern, Western, Eastern Africa, or South-East Asia. In the 294 developed world they play a minor role.
295
Fifth, climate change will have an effect on peri-urban food production, but with local 296 specificities. In terms of world regions, the effect is most prominent in Northern and Western
297
Africa, and Western Asia (Tab. 6, SI). Looking more locally, climate change will affect the 298 potential for peri-urban agriculture also in the whole Mediterranean, the Indo-Gangetic Plain,
299
and Southern China (Fig. 3a) .
300
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